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(54) ELECTRON-SPRAY ION SOURCE 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide an electrospray ion source which is capable of 
realizing high performance mass spectrometry by desolvating charged drops without 
heating while cooling the desolvating chamber atomized gas or charged drops. 
SOLUTION: The electrospray ion source comprises an atomizing nozzle to which 
atomized gas is supplied and a high voltage is applied, a conducive plate facing the 
atomizing nozzle with a prescribed angle, a counter electrode facing the conductive plate 
with a prescribed angle. Here, liquid drops atomized with the atomizing nozzle are collided 
against the conducive plate, then is reached to an orifice on the counter electrode. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the conductor which accomplishes the atomization nozzle to which atomization gas was supplied and the high voltage was impressed, 
this atomization nozzle, and a predetermined include angle, and counters — a plate — this — a conductor — the drop which was equipped 
with the counterelectrode which accomplishes a plate and a predetermined include angle and counters, and made atomize with said atomization 
nozzle — said conductor — the electrospray ion source characterized by making it collide with a plate and making it make the orifice on said 



counterelectrode reach after an appropriate time. 

[Claim 2] Said atomization gas is the electrospray ion source according to claim 1 characterized by being cooled. 

[Claim 3] said atomization nozzle and said conductor — the electrospray ion source according to claim 1 or 2 characterized by establishing the 
predetermined potential difference between plates. 

[Claim 4] said conductor — claims 1 and 2 characterized by establishing the predetermined potential difference between a plate and said 
counterelectrode, or the electrospray ion source given in three. 

[Claim 5] said atomization nozzle and said conductor — claims 1, 2, and 3 characterized by the ability of the include angle with a plate to 
accomplish to carry out adjustable, or the electrospray ion source given in four. 

[Claim 6] said conductor — claims 1, 2, 3, and 4 characterized by the ability of the include angle of a plate and said counterelectrode to 
accomplish to carry out adjustable, or the electrospray ion source given in five. 

[Claim 7] said conductor — claims 1, 2. 3, 4, and 5 characterized by cooling the plate, or the electrospray ion source given in six. 
[Claim 8] said conductor — claims 1, 2, 3, 4, and 5 characterized by heating the plate, or the electrospray ion source given in six. 
[Claim 9] said conductor — claims 1, 2, 3, 4, 5, 6, and 7 characterized by the ability to vibrate a plate ultrasonically, or the electrospray ion 
source given in eight. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cold electrospray ion source characterized by making a sample ionize at low temperature 

especially about the electrospray ion source used by the mass spectrometry. 

[0002] 

[Description of the Prior Art] The phenomenon which the liquid of electrical conductivity placed into strong electric field sprays automatically 
from the point of a capillary tube according to an operation of electric field was called electrospray, and was known for many years. The 
phenomenon of this electrospray is applied to the mass analysis of a solution sample, and it came to be widely used as the electrospray ion 
source the first half of the 1 980s. 

[0003] Drawing 1 shows the conventional electrospray ion source. One is solution sample sources of supply, such as liquid chromatograph (LC) 
equipment and a liquid dispenser, among drawing. The solution sample (for example, LC mobile phase) of the solution sample source of supply 1 
is sent to the capillary tube-like capillary tube 2 with the pump which is not illustrated. This capillary tube 2 is made from the metal, and is 
150-250 micrometers in the bore of 30-100 micrometers, and outer diameter. The solution sample sent to the capillary tube 2 is driven 
according to LC pump or capillarity, is sucked up inside a capillary tube 2, and reaches to the point of this capillary tube 2. 
[0004] Between the capillary tube 2 and the counterelectrode 4 of a mass spectroscope 3, the high voltage of several kV is impressed and 
strong electric field are formed. In an operation of this electric field, electrostatic atomization of the solution sample in a capillary tube 2 is 
carried out to the space between a capillary tube 2 and a counterelectrode 4 under atmospheric pressure, it serves as an electric charge drop, 
and is distributed in atmospheric air. The flow rate of the solution sample at this time is per minute one to .10 microliter. Since the electric 
charge drop generated at this time is the charged particle which solvent molecules gathered for the surroundings of a sample molecule, and 
became cluster-like, if it applies heat and makes a solvent molecule evaporate, it can be used only as the ion of a sample molecule. 
[0005] As an approach of making sample ion from an electric charge drop The nitrogen gas heated at about 70 degrees C is supplied to the 
space between a capillary tube 2 and a counterelectrode 4. There is the radiant heat or a method of making the solvent of an electric charge 
drop evaporate by heat conduction by carrying out electrostatic atomization of the electric charge drop there by heating the sampling orifice 5 
prepared in the approach of making the solvent of a drop evaporating, and the counterelectrode 4 of a mass spectroscope 3 at about 80 
degrees C. These approaches are called ion evaporation. 

[0006] The sample ion generated by ion evaporation is incorporated inside a mass spectroscope 3 from the sampling orifice 5 prepared in the 
counterelectrode 4. In order to introduce the sample ion under atmospheric pressure into the vacuous mass spectroscope 3, a differential- 
pumping wall is constituted. That is, the partition surrounded by the sampling orifice 5 and the skimmer orifice 6 is exhausted by about 200Pa 
with the rotary pump (RP) which is not illustrated. Moreover, the partition surrounded by the skimmer orifice 6 and the septum 7 is exhausted 
by about 1Pa with the turbo molecular pump (TMP) which is not illustrated. And the latter part of a septum 7 is exhausted by about 10 - 3Pa 
by TMP, and the mass analysis section 8 is placed. 

[0007] Moreover, the ring lens 9 for preventing diffusion of sample ion is placed, and when sample ion is a cation and a forward electrical 
potential difference and sample ion are anions, a negative electrical potential difference is impressed to the partition of the low vacuum 
surrounded by the sampling orifice 5 and the skimmer orifice 6. Moreover, the ion guide 10 for leading sample ion to the mass analysis section 
8 is put on the partition of the medium vacuum surrounded by the skimmer orifice 6 and the septum 7, and high-frequency voltage is 
impressed to it 

[0008] Although not illustrated by drawing 1 , moreover, in the latest system Since it enables it to correspond also to the sample of the large 
flow rate for 10 - 1000 microliter/, such as a mobile phase. of LC The sample solution of the large flow rate often or more microliter which 
forms sheath tubing which can pass atomization gas in the perimeter of a capillary tube 2, and cannot be atomized only by the electric-field 
force The electrospray ion source new type constituted so. that it . might be made to atomize compulsorily and completely according to the 
force of atomization gas has also appeared. 

[0009] The description of the electrospray ion source is in the point that it is the very soft ionizing method apply high temperature or do not 
make a high energy particle collide, on the occasion of ionization of a sample molecule. Therefore, it can ionize easily as multicharged ion, 
without destroying most strong polar biopolymers of a peptide, protein, a nucleic acid, etc. Moreover, since it is multicharged ion, molecular 
weight is able to measure with a mass spectroscope with at least 10,000 or more comparatively small things. 

[0010] However, even if it was the very soft ionizing method like the electrospray ionizing method, the example of the sample that the 



molecular structure of sample ion will be destroyed in the case of ionization came to be reported recently. It is the example of the 
supermolecule compound equipped with advanced order by the self-assembly of transition metal complexes, such as a huge organometallic 
complex, for example, platinum etc., for example. These metal complexes are unstable also to ionization by the electrospray which is the soft 
ionizing method only to the impact and heat of ion, and destruction of the molecular structure breaks out in the case of ion evaporation. 
[001 1] In order to solve this problem, atomization gas, a deliquoring chamber of a drop, etc. which are supplied to the electrospray ion source 
were cooled with refrigerants, such as liquid nitrogen, and the electrospray ion source new type avoided as much as possible was developed 
[ that heat joins sample ion in the case of ionization, and ] recently (JP,2000-285847,A). This approach was called the cold electrospray 
ionizing method, and measurement of the precise mass numbers, such as the above unstable self-assembly organometallic complexes, was 
attained for the first time by this approach. 
[0012] 

[Problem(s) to be Solved by the Invention] Whatever the description of such the cold electrospray ion source may be called, it cools 
atomization gas, the deliquoring chamber of an electric charge drop, etc. with refrigerants, such as liquid nitrogen, and it is in the place avoided 
as much as possible about heat joining sample ion. However, while many solvent molecules are left in the electric charge drop containing ion as 
a result and sufficient desiccation of an electric charge drop has not been obtained by it, the situation where an electric charge drop is 
incorporated by the orifice of a counterelectrode will occur. 

[0013] Generally, high sensitivity mass analysis cannot be desired in a drop with inadequate deliquoring (solvent removal). Therefore, in the 
conventional electrospray ion source, in order to perform high sensitivity mass analysis, the electric charge drop was heated quietly as 
. mentioned above, ion evaporation was mainly generating ion, but since atomization gas, the deliquoring chamber of a drop, etc. were cooled in 
the case of the cold electrospray ion source, there was a problem of the ability not to make ion evaporation perform effectively. 
[0014] It is in this invention being made in view of the point mentioned above, and deliquoring-izing the purpose, without completely heating an 
electric charge drop, with atomization gas, the deliquoring chamber of an electric charge drop cooled, etc., and offering the electrospray ion 
source which makes high sensitivity mass analysis possible. 
[0015] 

[Means for Solving the Problem] In order to attain this purpose, the electrospray ion source concerning this invention the conductor which 
accomplishes the atomization nozzle to which atomization gas was supplied and the high voltage was impressed, this atomization nozzle, and a 
predetermined include angle, and counters — with a plate this — a conductor — the drop which was equipped with the counterelectrode 
which accomplishes a plate and a predetermined include angle and counters, and was made to atomize with said atomization nozzle — said 
conductor — it is made to collide with a plate and is characterized by making it make the orifice on said counterelectrode reach after an 
appropriate time. 

[001 6] Moreover, said atomization gas is characterized by being cooled. 

[0017] moreover, said atomization nozzle and said conductor — it is characterized by establishing the predetermined potential difference 
between plates. 

[0018] moreover, said conductor — it is characterized by establishing the predetermined potential difference between a plate and said 
counterelectrode. 

[0019] moreover, said atomization nozzle and said conductor — it is characterized by the ability of the include angle with a plate to accomplish 
to carry out adjustable. 

[0020] moreover, said conductor — it is characterized by the ability of the include angle of a plate and said counterelectrode to accomplish to 
carry out adjustable. 

[0021] moreover, said conductor — it is characterized by cooling the plate. 
[0022] moreover, said conductor — it is characterized by heating the plate. 

[0023] moreover, said conductor — it is characterized by the ability to vibrate a plate ultrasonically. 
[0024] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with reference to a drawing. Drawing 2 shows 
one example of the electrospray ion source concerning this invention. 1 1 in drawing is a capillary tube which lets the sample solution pass. The 
sheath tubing 12 for letting atomization gas pass is formed in the perimeter of a capillary tube 11, and the atomization nozzle 13 is constituted 
together with a capillary tube 1 1. Inert gas, such as nitrogen gas and carbon dioxide gas, is used for atomization gas. 

[0025] In order not to destroy the molecular structure of an unstable sample by heat, as for these atomization gas, to be beforehand cooled by 
low temperature is desirable. Therefore, liquid nitrogen, a liquefied carbon dioxide, etc. are used as the source of gas. 

[0026] the conductor made by the stainless steel which only the predetermined include angle was made to incline to the atomization nozzle 13 
ahead [ of the atomization nozzle 13 ], and was arranged in it — the plate 14 is placed, the atomization nozzle 13 and a conductor — between 
plates 14, the about 3kV potential difference usually prepares — having — the conductor from the atomization nozzle 13 — it is constituted 
so that the electrostatic atomization of the sample solution may occur toward a plate 14. moreover, a conductor — the counterelectrode 15 of 
a mass spectroscope is arranged in the direction to which only the predetermined include angle inclined to the sense on which the plate 14 
was put a conductor — between the plate 14 and the counterelectrode 15, the about 0~5kV potential difference is usually established. 
Moreover, the sampling orifice 16 for incorporating sample ion in a mass spectroscope is carrying out opening near the core of a 
counterelectrode 15. Many of these units are placed into the cooled deliquoring chamber which is not illustrated. 

[0027] The electrospray ion source of this invention with such a configuration operates as follows, first, the conductor which the electric 
charge drop by which electrostatic atomization was carried out made only the predetermined include angle incline to the atomization nozzle 13, 
and has been arranged by the operation of low-temperature atomization gas and electric field from the atomization nozzle 13 — a plate 14 — 
turning — flying — a conductor — it is ground by colliding with a plate 14. Thereby, a sample solution drop changes to a more detailed electric 
charge drop, and is urged to advance of deliquoring-izing (solvent removal), the conductor after most electric charge drops which had the 
solvent molecule removed are in the condition of only sample ion — it flies toward the counterelectrode 15 which only the predetermined 
include angle was made to incline to a plate 14, and has been arranged, and is incorporated in a mass spectroscope from the sampling orifice 
16 prepared near the core of a counterelectrode 15. Consequently, since removal of a solvent molecule is advancing in spite of the 
electrostatic atomization in low temperature, high sensitivity mass analysis can be made to perform. 

[0028] In addition, to this invention, various deformation is possible, for example, the atomization nozzle 13 and a conductor — the include 
angle with a plate 14 to accomplish, and/or a conductor — the include angle of a plate 14 and a counterelectrode 15 to accomplish may be 
constituted so that it can carry out adjustable to arbitration. Thereby, fine adjustment of the flight direction of sample ion is attained, and can 
raise the incorporation effectiveness of the sample ion to the sampling orifice 16. 

[0029] moreover, the conductor which makes an electric charge drop collide — the plate 14 may be beforehand cooled by low temperature, 
thereby — an unstable sample — a conductor — the conductor at the time of colliding with a plate 14 — the impact by the heat of a plate 14 
can be suppressed. 

[0030] moreover, the conductor which makes an electric charge drop collide — the plate 14 may be beforehand heated by moderate 
temperature, thereby — a conductor — ****** of the spray liquid with which the front face of a plate 14 is covered removes — having — a 
conductor — the front face of a plate 14 can always be maintained at clarification, an electric charge drop — a conductor' — since the ion on 
the actual front face of a collision where the time amount which collides with a plate 14 is very short (ion which participates in a collision) is a 
fraction, there is little effect of the pyrolysis of a sample, the discharge of the generated sample ion, etc. by collision. 



[0031] moreover, the conductor*which makes an electric charge drop collide — the plate 14 may be constituted so that it can be made to 
vibrate ultrasonically. Thereby, on the occasion of the collision of an electric charge drop, the efficiency of comminution of an electric charge 
drop can be raised. 
[0032] 

[Effect of the Invention] As stated above, according to the electrospray ion source of this invention the conductor which accomplishes the 
atomization nozzle to which atomization gas was supplied and the high voltage was impressed, this atomization nozzle, and a predetermined 
include angle, and counters — a plate — this — a conductor, since it had the counterelectrode which accomplishes a plate and a 
predetermined include angle and counters the electric charge drop made to atomize with said atomization nozzle — said conductor — it 
became possible by making it collide with a plate and grinding to promote deliquoring-ization (solvent removal) of an electric charge drop in the 
state of low temperature. Consequently, it became possible to make a mass spectroscope incorporate the electric charge drop which hardly 
contains a solvent molecule, and it became possible to analyze the mass number of ton by high sensitivity. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the conventional electrospray ion source. 

[Drawing 2] It is drawing showing one example of the electrospray ion source concerning this invention. 
[Description of Notations] 

1 ... a solution sample source of supply and 2 ... a capillary tube and 3 ... a mass spectroscope and 4 ... a counterelectrode and 5 ... a sampling 
orifice and 6 ... a skimmer orifice and 7 ... a septum and 8 ... the mass analysis section and 9 ... a ring lens and 10 ... an ion guide and 11 ... a 
capillary tube and 12 ... sheath tubing and 13 ... a atomization nozzle and 14 ... a conductor — a plate and 15 — ... a counterelectrode and 16 - 
- ... a sampling orifice. 
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DRAWINGS 



[Drawing 1] 
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